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Abstract 
Let ~ and ]~ be positive solutions on (0, ~)  to the rotationally symmetric p-harmonic map equation on model manifolds 
M(f )  and M(ff), where f is assumed to he sufficiently large near infinity and g"(y) >1 0 for y>0.  We show that if 
and fl have the same limit at infinity, then ~ - ]~ on (0, o<~). @ 1998 Elsevier Science B.V. All rights reserved. 
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. Introduction 
In this paper we study uniqueness of positive solutions to the rotationally symmetric p-harmonic 
map equation 
O~-'(r)~"(r)+ [ (n -1 )0~- ' ( r )~ + (0~-l)'(r)] ~'(r) 
• ,~-1~ ,9(~(r))9'(~(r)) 
- (n  - l)v tr) =0 f2(r) (1.1) 
* Corresponding author. E-mail: matlmc@math.nus.edu.sg 
l Research is partially supported by The Hong Kong Polytechnic University Central Research Grant. 
2 Research is partially supported by the National Science Council, Taiwan, ROC. 
0377-0427/98/$19.00 @ 1998 Elsevier Science B.V. All rights reserved 
PH S0377-0427(97)00204-5  
46 L.-F. Cheun 9 et al./ Journal of Computational and Applied Mathematics 88 (1998) 45-56 
for r > 0, with prescribed limit 
lim e(r) = 0. (1.2) 
r----~0 + 
Here 
,g2(offr)) 
O( r )=(n -1)  ~ +(~' ( r ) )  2, r>0.  (1.3) 
In Eq. (1.1), we assume that f ,  gE C2([0, oo)) and 
f (0 )=g(0)=0,  f ' (0 )=g ' (0 )= l  and f ( r ) ,  g ( r )>0 (1.4) 
for all r>0.  Eq. (1.1) and the conditions in (1.2) and (1.4) arise in a variational problem of the 
p-energy functional [16] for rotationally symmetric maps between model Riemannian manifolds. 
Recall that a model Riemannian manifold M(f )  is of the form 
M(f )  = ([0, oo) × S "-l, dr 2 + f2(r)dt92), n >~ 2, 
where dO z is the standard Riemannian metric on the unit sphere S "-1 in N" and f is a C2-function 
which satisfies the conditions in (1.4). The Euclidean space and the hyperbolic space are corre- 
sponding to f ( r )=  r and f ( r )=  sinhr for r>0,  respectively. Let 
m(g ) = ([0, cxz) x S n-l, dr 2 + g2(r)d02), 
where 9 is a CZ-function which satisfies (1.4). A map F :Mn(f)---~Mn(9) is called a rotationally 
symmetric map if there exists a function 
with ~(0) = 0, ~: [0, o~)-~ [0, oo) 
such that 
F(r,~) = (~(r),O) for a l l r>0 and 0ES n-1. 
the energy density [5] of a rotationally symmetric map F :Mn(f ) - -~M"(9)  is then given by (1.3). 
Given p>0,  the map F is called a rotationally symmetric p-harmonic map from M(f )  to N(9)  if 
a positive C2-solution to Eq. (1.1) on (0, o~) with the prescribed limit (1.2). 
For p = 2, Ratto and Rigoli study the Dirichlet problem at infinity and show that under cer- 
tain conditions on f ,  given any positive number a that is not too large (see [13]), there exists a 
rotationally symmetric harmonic map F : M( f )  ---* N(g) such that 
lim ~(r) = a. 
r-----r OO 
For p>2,  the existence of bounded rotationally symmetric p-harmonic maps are studied in 
[4, 9, 10]. If we assume that g ' (y )>0 for y>0,  then any positive solution ~ to Eq. (1.1) is 
increasing. Therefore if ~ is bounded on (0, o~), then limr--.o~ (r) exists. In this paper we prove 
the following uniqueness theorem. 
Asymptotic equivalence theorem. For p >~ 2 and n >~ 1, let ~ and fl be positive C2-solutions to 
Eq. (1.1) on (0, oo) with the prescribed limit (1.2). Assume that 9"(Y) >>- 0 for y>0 and there 
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exist positive numbers r0, c, C and 6 > 1 such that 
f ' ( r )  >>- c  2 and f ( r )  >l Cr ~ for r >~ ro. 
If 
lim a ( r )= lim fl(r), 
r - - -~oo F---~ oo  
then ~-  fl on (O,c~). 
Uniqueness for the Dirichlet problem at infinity for harmonic functions on a simply connected 
complete Riemannian manifold of bounded negative curvature is studied by Anderson [1] and 
Sullivan [14], and for harmonic maps, by Aviles et al. [2]. For n> 1, the radial Ricci curvature 
above the point r - -0  of the Riemannian manifold N(g)  is given by 
- (n -  1) g"(r) for r>0.  (1.5) 
g(r) 
The assumption on the function g in the asymptotic equivalence theorem is the same as saying 
that the radial Ricci curvature above the point r = 0 of N(g)  is nonpositive. We note that for 
harmonic maps, many uniqueness results require the sectional curvature to be nonpositive (cf. [7, 
8]). The conditions on f guarantee that f is not too small near infinity. If f is not sufficiently 
large near infinity, then there may not have any bounded positive solutions to Eq. (1.1) on (0, cx~). 
For rotationally symmetric n-harmonic maps we have the following nonexistence r sult. 
Theorem.  For p = n >>-2, assume that f ' ( r )>0 for r>0 and g"(y)  >f Of  or y>0.  I f  
f R dr lim - oo, R~o~ f ( r )  
then there does not exist any bounded positive C2-solution to Eq. (1.1) on (O,c~) with p = n. 
In general, for p>2,  the Liouville's type theorem in [4] shows that if f ( r )=  r for large r and 
g(y) = y or g(y)= sinhy for y>0,  then any bounded non-negative C2-solution to Eq. (1.1) on 
(0, cxD) is identically equal to zero. Other nonexistence results on bounded positive solutions, or 
Liouville's type theorems, are discussed in [10, 15]. 
To prove the asymptotic equivalence theorem, we need an upper bound on the gradient of a 
bounded positive solution to Eq. (1.1). This is discussed in Section 2. In the process of the proof, 
we discuss how to relax the conditions on f .  We show that the conditions on f are quite sharp by 
proving the nonexistence r sult for rotationally symmetric n-harmonic maps. 
2. Grad ient  es t imates  
For p >/2 and n >/ 1, let a and fl be positive C2-solutions on (0, cx~) to the rotationally sym- 
metric p-harmonic Eq. (1.1) with the prescribed limit (1.2). It is shown in [4] that if g ' (y )>0 for 
y E (0, c~), then 
~' ( r )>0 and f l '(r)>O fo r r>0.  
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For n = 1, any positive solution ~ to Eq. (1.1) with the condition l imr~0~(r)= 0 is of the form 
• (r) = cr for some positive constant c [10]. Therefore if 
lim ~(r) = lim [3(r), (2.1) 
r---+ oo  ?'----4 o~ 
then ~ -- fl on (0, cxz). So we may assume that n> 1. For p = 2 and n> 1, that is, the case of 
rotationally symmetric harmonic maps, if 
lim ~(r )= lim fl(r) 
r - -+oo  r ----~ oo  
and ~ ~ fl on (0, ~) ,  then, without loss of generality we may assume that there exists r0 >0 such 
that ~(ro)>fl(ro). By (1.2) and (2.1) there exists a point YE(0,cx~) such that the function ~-  fl 
reaches the maximum at ~. We have 
~(~)>fl(i;), c((~)=// '(t  z) and ~'(F) ~< fl"(tz). (2.2) 
The assumption that 9"(Y) >~ 0 for all y > 0 implies that 9 and 9' are non-decreasing functions on 
(0, c~). Using Eq. (1.1) with p= 2 we have 
{ ~"(F)=(n-1)  g(~(Y))Y'(~(r)) f (  ) " - ' ]  f2(r  ) - f (F)  ~ ~r)~ 
I F , ,  rg(fl(F))9'(fl(F)) f ( ) , , , , - ,]  >(n -1)~ ~(~ -~p~r)~ 
= y ' ( ; ) ,  
which is a contradiction. Therefore ~ ~// .  
For p>2 and n > 1, Eq. (1.1) is a quasi-linear second order differential equation, where the 
nonlinear term 0 p/z-1 makes the equation complicated. We have the following uniqueness theorem. 
Uniqueness Theorem (Leung [10]). For p >1 2 and n >~ 1, assume that g"(y) >>, O for all y>0.  Let 
~,fl E C2(O,R) be positive solutions to (1.1) on (O,R) for some constant R>0, with the prescribed 
limit (1.2). I f  there is a number Ro E (O,R) such that ct(Ro) = ~(Ro), then c~ =_ ~ on (O,R). 
Corollary 2.1. For p >~ 2 and n >>- 1, assume that 9"(Y) >~ O for all y>0.  Let c~ and ~ be positive 
C2-solutions to Eq. (1.1) on (O, cx~) with the prescribed limit (1.2). I f  there exists a point rl >0 
such that e(rl)>/~(rl), then e(r )>/~(r) for  all r>0.  
For p > 2, let 
O~(r) = [(n - l)" g2(~(r)) + (~'(r))21 ~ - - ] f 2 ( r  ) 
and 
O/~(r) = [(n - l'gz(t~(r)) +(fl'(r))Z] F ( r )  
(2.3) 
(2.4) 
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for r>0.  By Corollary 2.1, if g"(Y) >~ 0 for all y>0 and a ~ fl on (0,oo), then, without loss of 
generality, we may assume that 
ot(r)>fl(r) for r>0.  (2.5) 
The following lemma is used in the proof of the asymptotic equivalence theorem. 
Lemma 2.2. For p>2 and n>l ,  assume that g" ( Y ) >>- O for y>0.  I f  ot( r ) > fl( r ) for r>0,  then 
O~(r)~'(r) >t Ofl(r)fl'(r) fo r  r>0.  
Proof. Assume that there exists a point R'> 0 such that 
O=(R')~'(R') < Ofl(R')fl'(R' ). (2.6) 
As limr--.0+ 0~(r)= 0 = limr-~0, fl(r) and ~(r)>fl(r) for all r>0,  there exists a point r' < R' such 
that a'(r')>fl'(r'). As g is an increasing function on [0,oo) we have 
O~(r')~' (r') > Oe(r')fl'(r' ). 
By (2.6) and (2.7) we have 
ln[O=(r')~'(r')] > ln[Oe(r')fl'(r')], 
< ln[Oe(R')fl'(R') ]. 
Therefore there exists a point FE (r',R') such that 
ln[O~(F)~'(Y)] < ln[Oe(F)fl'(F)], 
(ln[O~(F)cd(F)])' ~< (ln[Oe(Y)fl'(F)])'. 
Using Eq. (1.1) we have 
(ln[O=(F)cd(F)])' = O=(F),"(F) + O'~(F),'(F) 
1 ) f g(~(F)) g'(~(F)) if(F) ; (n I ( f2(r)0((t 7) f(F) J" 
Similarly 
{ g(fl(F))g'(fl(F)) i f(F)} 
(ln[Sfl(F)fl'(F)])' = (n - 1) f2(r)fl ,( i) f (F)  " 
From (2.10) we have 
< oeff)fl'( ). 
At F, we have a(F)>fl(F), therefore (2.14) implies that 
o < ¢( , : )  < fl'(,:). 
(2.7) 
(2.8) 
(2.9) 
(2.10) 
(2.11) 
(2.12) 
(2.13) 
(2.14) 
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As g is an increasing function and g' is a nondecreasing function on [0, ec), (2.12) and (2.13) show 
that 
(ln[O~(F)a'(f)])' > (ln [ O/di)fl'(Y)] )', (2.15 )
which contradicts (2. l 1). Therefore O~(r)c~'(r) >>. O~(r)fl'(r) for all r > 0. [] 
We have the following gradient estimate for bounded positive solutions to Eq. (1.1). 
Theorem 2.3. For p > 2 and n > 1, assume that there exist positive constants c and ro such that 
i f (r)  >1 - c 2 for all r >>- ro and 
fro °~ dr f ( r )  < oo. 
I f  c~ is a bounded positive C2-solution on (O,c~) to Eq. (1.1) with the prescribed limit (1.2), then 
there exists a positive constant C such that e'(r) ~ C for all r>ro. 
ProoL Differentiating both sides of the equation 
O(r) = O~-'(r) 
and multipling both sides by O(r) we obtain 
(f(~(r))~' 2~'(r)~"(r)]. O' ( r )O( r )=(P - -1 )O( r ) [ (n - -1 ) \  f2(r) j + 
Using Eq. (1.1) to replace the term O(r)o~"(r) in (2.16) we have 
O'(r) [(n-1)92(c¢(r)-----~)+(p ) 1)(~'(r)) 2] 
=(p  - 2)(n - 1)O(r) 1 29(°t(r))9'(~(r))~'(r) f ' ( r )  
[ F ( r )  f ( r )  
As a is bounded, there exists a positive constant C1 such that 
"g2(~(r)--.--~) q- (0¢'(r))2] } f2(r )
g'(~(r)) <~ C1 for r>0.  
Thus for r ~> r0 we have 
2g(~(r)) g'(~(r))a'(r) 
f2(r) 
<<,2 
f ' ( r )  gZ(~z(r)) 
f ( r )  f2(r) 
- -  +(~' ( r ) )  2 
f~(~) J [~ J  +f--~ L f (r) 
(2.16) 
(2.17) 
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~(r) c2 [92(°~(r)) - (7 2 g2(~(r)) q_ (~'(r)) 2q- q- (~'(r)) 2
<" f ( r )  f2(r)  ~ [ f2(r)  
C2  
q-  (~'(r)) 21 (2.1 8) 
<<" ~ f2 ( r~ 
for some positive constant C=. As p>2 and n > 1, (2.17) and (2.18) show that there exists a positive 
constant C3 such that 
O'(r) 
- -  ~ - -  for r ~> r0. (2.19) 
O(r) f ( r )  
Integrating both sides of (2.19) from r0 to R>ro we have 
(O(R) ~ f l  ~ dr (2.20) 
In kO(ro)J ~ C2 f(r)" 
By the assumption on f there exists a positive constant Ca such that 
(o(R) ) 
In \O(ro)J <" C~ for R>ro. (2.21) 
That is 
O(R) <~ O(ro)e c~ for R>ro. 
Hence 
c~'(r) ~ [O(ro)eCJ] ';'-=' for r>ro. 
The proof of the lemma is completed by taking C = [O(ro)eC2] 1/(p-2). [] 
3. Asymptotic equivalence 
We prove the asymptotic equivalence theorem and relax the conditions on f .  
Theorem 3.1. For p >>- 2 and n >f 1, let c~ and [3 be bounded positive C2-solutions to Eq. (1.1) on 
(O, oo) with the prescribed limit (1.2). Suppose that 9"(y) >~ O for y>0.  Assume that there exist 
positive constants c and ro such that f ' (r)  >~ - c 2 for r >>- ro and 
fo -~ dr f7  dr f ( r )  < oo and f2(r ) < e~. (3.1) 
zf 
lim ~(r )= lira fl(r), 
Y----+ OO r----~ Oo 
then c¢ =_ [3 on (O, cxz). 
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Proof. Suppose that e ~ fl on (0, oc). By Corollary 2.1, without loss of generality, we may assume 
that e ( r )>f l ( r )  for all r>0.  By Lemma 2.2 we have 
O~(r)c~'(r) >~ O~(r)fl'(r) for r>0.  (3.2) 
As ~' and fl' are positive, (2.3), (2.4) and (3.2) imply that 
I(n - "gz(c~(r)) + (c((r))Z] (off(r)) 
~> (n -  t)  ~ +( f i ' ( r ) )  2 (fl'(r)) 2/(p-2) for r>0.  (3.3) 
We claim that there exists a positive constant C such that 
C 
f2 ( r  ) [cffr) - fl(r)] >/f l '(r) - og(r) = -(o~ - fl)'(r) for r > 0. (3.4) 
Assume for the moment that this is the case. Let F(r) = c~(r) - f i ( r )>0 for r>0.  From (3.4) we 
have 
C 
f2 ( r ) f ( r )  >>. - F'(r) for r>0,  
Dr 
F'(r) C 
- -  ~> for r>0.  
F(r) f2 ( r )  
Integrating from ro > 0 to R > ro we have 
(F (R) )  f~i ~ dr 
In \F---(-~0)J ~> - C fa ( r  ). 
By the assumption on f ,  there exists a positive constant Co > 0 such that 
L ~ dr f2(r~-- ~<~ Co. 
Hence there exists a positive constant C1 such that 
in kF( ro ) J  ~> - C1 for all R>ro. 
Fhat is, 
F(R) >~ F(ro)e -c' >0 for all R>ro. 
this contradicts with 
lim F(R) = l i rn  [e(R) - fl(R)] = 0. 
R--+~ 
(3.5) 
(3.6) 
(3.7) 
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rherefore we conclude that ~ - fl on (0,oo). To show the claim, we note that if at a point r>0 
we have cd(r)/> fl'(r), then clearly we have 
C 
- -  [~( r )  - f l ( r ) ]  >~ f l ' ( r )  - o ( ( r ) .  
f2 ( r )  
Therefore we may assume that at the point r > O, we have 
cd(r) < fl'(r). (3.8) 
From Eq. (3.3) we have 
(n - 1) 92(~z(r)) + (~'(r)) 2 >~ (n - 1) g2(fl(r)) 
f2(r----- ~ f2(r  ~ + (fl '(r)) 2. 
That is, 
n -1  2 r 
7.57r-) [g (of f ) )  - g2(fl(r))] ~ (fl '(r)) 2 - (~'(r))  2. (3.9) 
As l imr~ ~(r) and limr__.~ fl(r) exist, ~ and fl are bounded. Since g E C2([0, co)), on the bounded 
interval [0,M] g is Lipschitz, where 
M = max{7(r),  fl(r) l r ~ (0, oc)} + 1. 
Therefore there exists a positive constant C2 such that 
g2(oc(r)) -- g2(fl(r)) = [g(ct(r)) + g(fl(r))] [g(7(r)) -- g(fi(r))] 
~< C2[~(r) - fi(r)]. (3.10) 
This is because a(r)>f i (r )  and g(c~(r))>g(fl(r)). Using the gradient estimate in Theorem 2.3 we 
conclude that 
~' and fl' are bounded from above. 
Then there exists a positive constant C3 independent of r, such that 
fl'(r) + c((r) <. C3. 
We have 
(f l '(r)) 2 - (0~t(r)) 2 = [fl'(r) + e'(r)l[fl '(r) - e'(r)] >/C3 [fl'(r) - ~'(r)], (3.11) 
as, by (3.8), fi'(r) - o~'(r) is negative. Putting (3.10) and (3.11) into (3.9), we can find a positive 
aonstant C independent of  r, such that at the point r > 0 we have 
C 
f2 ( r  ) [~z(r) - fl(r)] >t fl'(r) -- a'(r). 
The proof of  the theorem is completed. [] 
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The asymptotic equivalence theorem in the introduction follows from Theorem 3.1 and the dis- 
cussion in Section 2 for p = 2 or n = 1. 
Remark 3.2. The conditions on f guarantee that f is not too small near infinity. We note that 
if f is not sufficiently large near infinity, then there may not be any bounded positive solution to 
Eq. (1.1) on (0,cx~). For p = n ~> 2 we have the following nonexistence r sult. 
Theorem 3.3. For p=n >~ 2, assume that f ' (r)>O for r>0 and gt(y)>O for y>0.  I f  
f R dr lim - oc, R~oo f ( r )  
then there does not exist any bounded positive C2-solution to Eq. (1.1) on (0, oc) with p--n.  
Proof. Suppose that ~ is a bounded positive C2-solution to Eq. (1.1) on (0, c~) with p- -n.  Cheung 
and Law [3] show that for p = n ~> 2, ~ satisfies the equation 
f(r)~'(r) = g(c~(r)) for r>0.  (3.12) 
For R > I we have 
fR  a, ( r )dr_  fR  dr (3.13) 
g(a(r) f(r)" 
As a( r )>0,  we have a ' ( r )>0 for r>0 [4]. Therefore we can apply the change of variables 
y = a(r) 
to the left-hand side of (3.13) and obtain 
~(R) dy jR  dr 
5) f 7) 
(3.14) 
As g is increasing, there exists a positive constant c such that 
g(y) >~c 2 for a l l y />a(1)>0.  
Let R ~ ~,  the left-hand side of (3.14) is bounded as ~ is bounded, but the right-hand side ap- 
proaches infinity. We have a contradiction. Therefore there does not exist any bounded positive 
C2-solution to Eq. (1.1) on (0, c~) with p----n. [] 
We note that if we assume that f ' ( r )>0 for r>0,  then 
f dr 
f ( r )  < oo=> f2(r ) < oo. (3.15) 
Combining Theorem 3.1 with Theorem 3.3 we have the following result. 
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Corollary 3.4. For p=n ~ 2, assume that f ' ( r )>O for r>O and g"(Y) >>- O for y>O. I f  ~ and 
are bounded positive C2-solutions to Eq. (1.1) on (0, oo) with the prescribed limit (1.2) and 
lim a( r )= lim/~(r), 
then ~ = ~ on (O, cx~). 
Proof .  I f  
f 
R dr 
lim - -  cx~, 
R~oo f ( r )  
then Theorem 3.3 show that such ~ and fl do not exist. If 
~ dr 
f ( r )  < co, 
then (3.15) together with Theorem 3.1 show that ~ = fl on (0, oo). [] 
Other nonexistence r sults on bounded positive solutions on (0, c~), or Liouville's type theorems, 
are discussed in [4, 10]. In particular, if f ( r )= r for large r and g(y)= y or g(y) - - s inhy  for 
y > 0, then Theorem 3.6 in [4] shows that there does not exist any bounded nonnegative C2-solution 
to Eq. (1.1) for p>2 on (0, oo) with the prescribed limit (1.2). In this sense the condition that 
> 1 in the asymptotic equivalence theorem is sharp. We show that there are no bounded positive 
solution for the case 
f ( r )  = r In(In r) for r >~ r0, 
where r0 is a large positive number. Let g(y)=y or g(y)=sinh y, i.e., corresponding to the Euclidean 
space or the hyperbolic space, respectively. In this case g"(r) >>- O. With f and g as given, we claim 
that any bounded nonnegative C2-solution on (0, oo) of Eq. (1.1) is the trivial one. To show this, 
we follow the proof of the Liouville theorem in [4] (Theorem 3.6). It suffices to show that 
fro °° bc(r) dr = O<3, 
where 
bc(r) - cZf(r) (C + f ' ( r ) )  2 + c 2 - (C + f ' ( r ) )  >0. (3.16) 
Here C and c are certain positive constants. As 
1 
f ' ( r )  = In(In r) + l-nTr for r >~ r0, 
using (3.16) and the binomial expansion we can find positive constants C' and r' >r0 such that 
C' C' 
bc(r) >>. >>. - -  fo r r>~r  ~. 
r(ln(ln r)) 2 r In r 
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Therefore 
ro ~ bc(r )  dr = 
and we can conclude that ~ -- 0 on (0 ,c~)  (cf. [4]). 
Remark  3.5. In the asymptot ic equivalence theorem, we assume that 7 and fl are bounded on (0, cx~). 
In the case when f ( r )  = g(r)  = s inhr  for r>0,  we can show that i f  a is a posit ive C2-solution to 
Eq. (1.1) on (0, cx~) with the prescribed limit (1.2) and 
lim [~( r )  - r] = 0, 
r----+ O¢3 
then ~( r )= r for all r>0.  This is first discussed in [10] and the complete statement fol lows from 
the results in [ 11, 12]. 
References  
[1] M. Anderson, The Dirichlet problem at infinity for manifolds of negative curvature, J. Diff. Geom. 18 (1983) 
701-721. 
[2] P. Aviles, H.-I. Choi, M. Micallef, The Dirichlet problem and Fatou's theorem for harmonic maps, J. Funct. Anal. 
99 (1991) 293-331. 
[3] L.-F. Cheung, C.-K. Law, On rotationally symmetric n-harmonic maps and p-harmonic maps, preprint. 
[4] L.-F. Cheung, C.-K. Law, M.-C. Leung, J. McLeod, Entire solutions of quasilinear differential equations corresponding 
to p-harmonic maps, Nonlinear Analysis, Theory, Methods and Applications, to appear. 
[5] J. Eells, L. Lemaire, Another eport on harmonic maps, Bull. London Math. Soc. 20 (1988) 385-524. 
[6] R. Greene, H. Wu, Function Theory on Manifolds which possess a Pole, Lectures Notes in Math., vol. 699, Springer, 
Berlin, 1979. 
[7] R. Hamilton, Harmonic Maps of Manifolds with Boundary, Lecture Notes in Math., vol. 471, Springer, Berlin, 1975. 
[8] W. J~iger, H. Kaul, Uniqueness of harmonic mappings and solutions of elliptic equations on Riemannian manifolds, 
Math. Ann. 240 (1979) 231-250. 
[9] M.-C. Leung, Asymptotic behavior of rotationally symmetric p-harmonic maps, Appl. Anal. 61 (1996) 1-15. 
[10] M.-C. Leung, Positive solutions of second order quasilinear equations corresponding to p-harmonic maps, Nonlinear 
Analysis, Theory, Methods and Applications, to appear. 
[11] M.-C. Leung, Positive solutions of quasilinear differential equations corresponding to F-harmonic maps, Nonlinear 
Analysis, Theory, Methods and Applications, to appear. 
[12] M.-C. Leung, Positive solutions of F-harmonic maps equations, Proceedings of the International Conference on 
Dynamical Systems and Differential Equations, to appear. 
[13] A. Ratto, M. Rigoli, On the asymptotic behaviour of rotationally symmetric harmonic maps, J. Diff. Equations 101 
(1993) 15-27. 
[14] D. Sullivan, The Dirichlet problem at infinity for a negatively curved manifold, J. Diff. Geom. 18 (1983) 723-732. 
[15] S. Takakuwa, Stability and Liouville theorems of p-harmonic maps, Jpn J. Math. 17 (1991) 317-332. 
[16] K. Uhlenbeck, Regularity for a class of nonlinear elliptic systems, Acta Math. 138 (1970) 219-240. 
